A new approach has been proposed to improve the performance of the intelligent lighting system by estimating personal illuminance and desired color temperature at the workplace. We are considering the problem of using the sensing devices manually for the intelligent lighting system. The lighting control system has not become useful without sensing devices to measure the provided illuminance and color temperature. In this paper, we have used the property of light for the color temperature to estimate the level of color temperature for each user at the workplace. The new method will give personal illuminance for each user at the workplace and decrease the power consumption of the environment as well. As a result, the proposed method of the intelligent lighting system has realized the target of illuminance and color temperature for each user at the workplace by adapting dimming levels using illuminance sensing information for each user. Thus, the energy of the workplace has reduced by using a distributed luminance to realize the target for each user.
Introduction
Intelligent lighting systems have been applied in the daily life of firms and workplaces [1] . It has become more prevalent to provide appropriate lighting system while minimizing the energy of the environment. The lighting system does not only support the visual perception of users, but it also has an impact on the emotional and psychic biological in particular at the workplace [2] . Fur-Intelligent Control and Automation thermore, the emerging technology of lighting systems has a dramatic impact of global warming by using the automated lighting control system for the environment [3] .
Nowadays, a lot of different efforts in the lighting control system are becoming more prominent feature for the workplace to emphasize the productivity of each worker [2] [4] . The automated lighting control and intelligent lighting system has been used based on the principles of ergonomics. It has a positive influence on the performance, personal good health being, and intellectual productivity as well [4] .
The automated lighting control system will enable users to change the level of luminance by using the ceiling lighting fixtures, a controller, and sensing devices. Hence, the intelligent lighting system has been used by applying a parallel distributed optimization method to change the level of luminance [5] .
In this paper, we consider the distributed intelligent lighting system that relies on the automation control system to provide personal illuminance and correlated color temperature for each user in the workplace. Whatever each worker uses the sensing device to change the level of both illuminance and color temperature manually in the conventional method of the intelligent lighting system, so that the lighting control system cannot realize the desire of the user to provide an adequate level of luminance in the workplace [4] [6] .
However, the intelligent lighting system becomes more practical and useful in providing the level of illuminance and color temperature for each worker respectively. This system has appeared to be much more effective in using a sensing device like a chroma meter sensing device. However, the intelligent lighting system using chroma meter sensing device is expensive. It has an obstacle to use the property of lights for color temperature and introduce the system at the workplace so that the intelligent lighting system has not become useful for workers.
Whatever the main problem of the intelligent lighting system is the inefficiency of achieving the desired luminance for each user. The importance of this paper has become in using a parallel distributed optimization method for the intelligent lighting system in the workplace. The need for adequate processing is to estimate the illuminance and color temperature while minimizing the power consumption of the workplace. Therefore, the using of an automated intelligent lighting system can help to provide the appropriate energy of each light which is required to achieve the target of illuminance and color temperature for each user.
We propose a new model of the intelligent lighting system to provide favorable luminance for each user in the office without using any sensing device. Thus, the performance of the new model for automating intelligent lighting system has been considered to provide personal illuminance and color temperature for each user in the workplace environment. This paper has the intent also to estimate illuminance and color temperature from the luminance information and realize 
Related Works
A lot of experiments have been conducted for the intelligent lighting systems, and also many works have done to increase the efficiency of users in the workplace since the automated lighting system is of interest to the office environments.
The contribution of work in [7] has considered the problem of controlling the multiple luminaries with collocated occupancy and light sensors. This is was by attaining illumination levels higher than specified values while minimizing power consumption using different types of least squares to estimate illuminance at the workplace. Besides the works in [6] [8], another optimization method based on simulated annealing has been used to change the luminous intensity of light.
However, the power consumption by using the method of the work [8] is reduced while satisfying the target illuminance and target color temperature.
Therefore, it is common practice in the lighting control system to provide the level of illuminance and color temperature based on the health condition of the user and choosing the time for the system overall [9] [10] . As well as in contribution [11] , another approach has been used to measure the color temperature for multiple lights cases. This approach was by using a new model of the automated lighting control system, so the work has found that there is related to the corresponding weight of occupied area by the user for the desks.
The contributions of papers have been achieved to increase the performance of the lighting control system, and also to carry out the optimal lighting output for users in workplace environments. However although, this paper is contributing to estimate the level of color temperature of light for each user automatically and individually without using sensing devices to measure the level of color temperature, as well as to provide personal illuminance and desired color temperature while minimizing the energy in the workplace.
Intelligent Lighting Model
In this section, we review the system architecture of the intelligent lighting system; and the formalizing of the optimization method; and the automation system as well. Furthermore, we review the proposed model of the intelligent lighting system exists on the illuminance and the color temperature simultaneously. 
Model Architecture
The intelligent lighting system has the components as depicted in Figure In the conventional model of the intelligent lighting system, each user can change the desired value of illuminance and color temperature by using the sensing device in the desk manually. 
The Formulation of Lighting Control System
At first, the lighting control system has used the illuminance and the color temperature as a part of the formulation. The first part, the system measures the illuminance by using the ratio of luminous power which falling on the surface of the desk in lux (lx) as in (1):
where I is the value of illuminance measured by one illuminance sensing device; i refers to the light; j refers to the sensing device; the ij R is the influence coefficient between the light and sensing device; i L refers to the power of luminance for the light.
The second part of the lighting control system is the correlated color temperature. The system calculates the correlated color temperature by using the associated function for both colors light sources provided in lamps. In the lamps, there are two light sources of color, and both of them has an associated linear relationship so that the ratio of illuminance for one color light source to the total illuminance can depict the value of correlated color temperature in Kelvin (K) as in Figure 2 .
The Automation and Lighting Control System
The objective function in the automated lighting control system for each light 
where p is the power consumption; ij g is the illuminance constraint; ij h is the color temperature constraint. The value of weighting factor w is used to make equilibrium between each condition. The i refers to the light; j refers to the sensing device. ( )
where the ij R refers to the influence coefficient; the Whenever the sensing device is close to the light, the influence coefficient will be high, other the value will be medium or low based on the distance between the sensing device and the light.
Probable Solutions of the Automated System
The intelligent lighting system is a part of the automated lighting control. Then the automated lighting system can obtain the target value of illuminance and color temperature using a small amount of luminance to obtain the target for each user in the office.
However, the intelligent lighting system has used the method of Adaptive Neighborhood Algorithm using Regression Coefficient (ANA/RC) to realize the luminance intensity in respect to the target of each user. The algorithm can enable the intelligent lighting system to get the target in a short time by changing the rate of luminance in the dimming process for each light. This process could help to decrease the power consumption of the environment.
The distribute luminance has been given by the following approach: at first, initialize all luminance in a minimum value. Then the current illuminance and color temperature values for each sensing device are figured. However, the constraints for each sensor are determined by using the target and current values of illuminance and color temperature. After that to get the best solution for each light, the lighting control system has changed the current values of luminance to realize the target. Therefore, ANA/RC is applied during the process to realize the target of the intelligent lighting system.
In the dimming process for the luminance intensity, the distribution of probable solutions of changing the luminance in the lights depends on the value of luminance intensity. It has been classified into three categories to realize the target of the system, as shown in Figure 3 . The luminance intensity increases or decreases rapidly depending on the priority. For example, if the current luminance is low and the required target is greatly different, the lighting control system will increase the luminance intensity rapidly, otherwise, the system will decrease it rapidly. Furthermore, the system will use the average illuminance for the luminance intensity is not in high or low level.
Therefore, the rules are designed to find the variety of probable solutions as depicted in Table 1 . The decreasing luminance has categorized into three categories: rapid luminance decrease (Class A); medium pace luminance decrease (Class B); and slow luminance decrease (Class C). In another side, the increasing luminance has also categorized into three cases: rapid luminance increase (Class G); medium pace luminance increase (Class F); and slow luminance increase (Class E). Otherwise, luminance is in average for all different cases, called luminance adjustment (Class D).
Verification Experiments
The intelligent lighting system has conducted in the experimental environment as in Figure 4 . The room of experiment has twelve lamps for luminance, and six desks located randomly for workers. Each desk has one sensing device to Table 2 .
Therefore, performing model of the distributed intelligent lighting system using the new approach of the automated system can be applied in the real office and the large workplace environment. The system could attain the target of illuminance and color temperature in advance for each sensing device. Thus, the system has met the target while minimizing the energy of the environment. In the real office, the experimental results are similar to the large office with more lights and increasing the number of users. Therefore, the new model of the intelligent lighting system is very effective and efficient in the large offices as well. The system has attained the target of illuminance and color temperature in a short time for each user. Thus, the user can act in a few time to start the work in a good environment for each user to interact in the office.
In the large office, the converging time has not become so long to get the target, and it is similar to the result of the experimental office. The sensing device has affected with a few numbers of surrounding lights. Thus the intelligent lighting system has a divided action for a large number of lights and sensing devices in the office. The problem divided into a small problem in the intelligent lighting system for the large offices, but the problem cannot be divided into a small problem if the sensing device has affected by lights with a very long distance.
On another side, the luminance level for each light has distributed based on the required target of illuminance and color temperature, and the influence coefficient for each sensing device to the light as shown in Figure 6 . Thus, the Intelligent Control and Automation intelligent lighting system has used the smallest required amount of energy to get the target of illuminance and color temperature for each user. Thence, all lamps which close to the sensing device are brightly turned on to meet the target of illuminance and color temperature.
Moreover, the system can find the best solution to reach the target of each user under any physical constraint. In an example, the target values of illuminance for two closed sensing device was in 300 lx, and 700 lx, the intelligent lighting system could give 350 lx, and 630 lx for both sensing devices respectively. Then, the changed values between the target and current illuminance even in the values of color temperature are not too high. Thus, the provided values by the system are the best solution of illuminance for both closed sensing device, so that the system has obtained the best values of the target to keep the energy of the environment in the smallest value under the physical constraints. Therefore, the behavior of the intelligent lighting system has been studied by conducting performed experiments in different cases to measure the efficiency of the system under physical restrictions.
Conclusions
We consider the problem of the conventional intelligent lighting system using sensing devices. The sensing device is the main component to obtain the target of illuminance and color temperature for each user while minimizing the energy at the workplace in the intelligent lighting system. In this paper, the new model of the automated lighting system without using sensing devices has attained the target in advance for each user in the office. However, the performing model of the intelligent lighting system has provided personal illuminance and desired color temperature for each user in the workplace.
Therefore, the new model has used the best level of luminance to get the target in comparing with the conventional lighting system. The system also has carried Intelligent Control and Automation out the goal of the environment while minimizing the energy, and it will help in global warming. Therefore, the new model of the system can estimate the color temperature without sensing devices by using the regular relationship between the ratio of natural cool and warm source light.
Thus, the distributed intelligent lighting system using the proposed method can be applied in the real office and large space of the workplace environment.
Furthermore, the new model contributes to the office field for maintaining and enhancing productivity in the workplace. Then the use of intelligent lighting system helps users in doing the work more efficiently in good health away from the stress of lights in the workplace.
